Abstract. In this paper, a transforming algorithm based on the Haar transform is presented for MIMO (Multiple Inputs and Multiple Outputs) system simplification and reduction. The definition of transfer function is extended to a multivariable system that has multiple inputs and outputs. This MIMO system often contains high ordered less significant poles that can be reduced and simplified. The Haar function set forms a complete set of orthogonal rectangular functions similar in several respects of the Walsh functions. The method adopted in this paper is that of system approximation algorithm using Haar transform. This approach provides more convenient and efficient computational results.
Introduction
In control system analysis and design, the characteristic equation can be defined with respect to differential equation, state equation, or transfer function. Related to the system transfer function, it can be obtained by the Laplace transform of the differential equations and the characteristic equation of system are defined by setting the denominator polynomial of the transfer function to zero. It is known that high order transfer function system open has insignificant poles that have little effect on the system response. In this case, the less significant poles can be disregarded and the system is simplified as low order system. Therefore, simplification and reduction of high order system are one of the major concerns in the system analysis and design. In this paper, Haar functions that were described by Alfred Haar are used for MIMO system simplification [1] . The suggested algorithm and method in this paper is useful for system simplification and reduction and its results are accurate and convenient.
assume a limited set of values, 0, ±1, ±√2 etc [2] . If we consider the time base to be defined as 0 ≤ ≤ 1 then, the set of Haar function is described as follows:
where i=2 + , = 0, 1, 2, … . , 2 2 and = 0, 1, … , 2 − 1.
The integration of the Haar functions with respect to time t form a ramp and triangular waveforms. And it is related approximately to the Haar functions operational matrix itself. We can describe the Haar operational matrix P in mathematical form. In Eq. 3, subscript means dimension of square matrix P.
Haar transform
A function f(t) is absolutely integral in t∈[0, 1), then it can be expanded in an infinite series using Haar transform.
where f i is the ith sequentially ordered coefficient of the Haar functions expansion of function f(t) and H i (t) is the ith ordered Haar functions. The coefficient of the Haar functions expansion is given as Eq. 5. To obtain the coefficients of Haar transform, mean square error ε must be minimized [3] .
Simplification Design of high-order MIMO system
We can mathematically modeling a control system using the transfer function that is derived from the linear time invariant differential equation what we call the Laplace transform. Thus the definition of transfer function is easily extended to a system with multiple inputs and outputs, MIMO [4] . And this transfer function is widely applied to an electric network system, translational and rotational mechanical system and electro mechanical system. The transfer function of linear system which has p inputs and q outputs, this MIMO transfer function is expressed in matrix form G M ( ). 
The zero frequency gain k of the two transfer functions is the same. Thus, we can obtain the similar relationship of Eq. 9 to determine the unknown low-order Ĝ ij (s) from the original high-order G ij (s) [7, 8] .
Now we can apply Haar transform and similar relationship to determine the coefficients of low-order system [9, 10] . 
Therefore we can define the of low-order transfer function Ĝ ij (s) from the original MIMO system using the Haar functions and transform. This method is useful and convenient for simplification design of high-order MIMO system.
Simulation
Let's consider that the forward path transfer function matrix and feedback path matrix of the MIMO system. 
Conclusions
In control theory, if the original MIMO system is stable, we can obtain a reduced MIMO model by removing insignificant eigenvalues of the original MIMO system. For this, the simplification design algorithm for high-order MIMO system based on the Haar functions and transform has been proposed. This suggested Haar transforming algorithm is simple and useful for determining a reduced MIMO system.
